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Abstract: Waste generation and its management present universal  challenges related to negative impacts on the environment. Municipal solid waste generation in large quantities on daily basis constitutes serious environmental problems. This paper presents a review of extant literature in the management of municipal waste across a range of countries alongside waste management hierarchy that guide legislations and policies for developed and developing countries. This paper assesses the environmental consequences emanating from the influence of either the presence or absence of contaminants-based diverse management options for municipal solid waste; thereby facilitating policy makers and waste management companies informed choice(s) for the management of municipal waste sustainably. The outcome from the evaluation of environmental effect reveals that incineration; the most common waste-to-energy implementation for municipal solid waste is accompanied with the emission of greenhouse gases, Nitrogen oxides, ammonia, sulphur dioxide contributing to climate change and air acidification. Environmental concern is a critical indicator for determining the best appropriate waste management option(s). The need to encourage the increasing recycling of municipal solid waste to facilitate a global sustainable environment as well as boosting the circular economy and green cities is recommended. 
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This paper is a revised and expanded version of a paper entitled  ‘Waste management: relevance to environmental sustainability’ presented at Global Cleaner Production and Consumption, Sitges, Barcelona, Spain, 1–4 November 2015. 
 
1 Introduction 
Waste management is a fundamental issue across the continents with varying degree of challenges such as increasing volume of waste and environmental consequence. These challenges are however more pressing, peculiar and prominent in developing countries due to incomplete institutional arrangements and poor handling of waste. Waste management can be characterised on the basis of aspects ranging from practices, strategies, goals, control, monitoring and regulation of the production, financial and marketing aspects, to environmental assessments of various treatments, evaluation and policy. These aspects can be used in a holistic approach to mitigating challenges emanating from waste, its management and various treatments. The primary focus of literature on waste management has been on instituting equilibrium between the dual objectives of conserving natural resources and ensuring environmental protection (Gharfalkar et al., 2015). ‘‘Sustainable development encompasses the reduction of polluting emissions and the establishment of sustainable waste management practices’’ (Coelho and Lange, 2018). The UN Sustainable Development Goal 6.3 targets to achieve environmentally sound management of all waste, particularly hazardous waste either chemical or biological hazardous waste. Sustainable waste management is one of the most important global environmental agendas in the 21st century (Zaman and Swapan, 2016). Sustainable waste management is considered a precondition to mitigating environmental challenges across the globe. The management of waste sustainably aims at environmental quality, which is a prerequisite for per-capita well-being over a period of time (Abila and Jussi, 2013). Massaruto (2007) writes, for instance, that “European waste policies have mostly resulted from environmental considerations; they have aimed at reducing emissions, controlling waste shipments, avoiding illegal dumping or export to standard countries”. Also findings from Abila (2018) study on households’ perception of financial incentives in endorsing sustainable waste management in Nigeria revealed that the most important driver for household willingness to recycle waste is its detrimental environmental impacts. Municipal solid waste as well as its management presents varying degree of concerns for waste management. The management of municipal solid waste is one of the priority issues regarding the protection of the environment and conservation of natural resources. 
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Municipal solid waste is one of the main components of pollution as it contaminates the ground as well as surface water and increases air pollutants, leading to miserable living conditions for people (Sanjeevi and Shabudeen, 2015). Aside its environmental concern, the continuous and increasing generation of MSW is at alarming rate as well as its diversity in composition. According to the projection of (World Bank, 2018) with rapid population growth and urbanisation, municipal solid waste production will rise to  2.2 billion tonnes by 2025. The composition of MSW differs over time and from country to country, due to difference in lifestyle, consumption pattern and waste management practices (Margallo et al., 2015). The increasing concern on environmental sustainability in current years has led to the development of strategies to reduce waste, improve waste recovery, resource recycling of waste and diversion of waste from landfills for a sustainable living environment (Mmereki, 2018). Albeit, the European regulation proposed waste reduction, recycling and re-use and finally waste incineration and landfilling as fundamental principles to waste management (Margallo et al., 2014). The environmental concerns emanating from unsustain waste disposal and management approaches are evitable consequence when sustainable options are fully put to practice. A shift to a green environment is paramount as it secures the ecosystem while maintaining a green economy and social equity among present and future generations; and depends on the promotion of recycling, particularly if it enables reducing environmental impacts from raw material extraction and materials processing (Ferrao et al., 2014).The evaluation of environmental sustainability of waste treatment approaches, systems and processes is critical, given the growing global importance of environmental concerns (Rada et al., 2014). Generally, municipal waste management strategies focus on environmental, health, aesthetic, land-use, resource and economic concerns (Marshall and Farahbakhsh, 2013). Since 1990, the main focus has shifted to environmental apprehension, particularly in relation to climate change (Habib et al., 2013). One of the most important anthropogenic sources of greenhouse gases (GHGs) is improper disposal and treatment of municipal waste (Tian et al., 2013), though considerable improvements are being made in some countries. It is pertinent to determine the reason waste management is focusing more on environmental sustainability rather than economic and societal sustainability. This paper aims to evaluate the environmental consequences resulting from the influence of either the presence or absence of contaminants for different management strategies for municipal solid waste. This paper presents a comprehensive review of municipal solid waste management for different countries and considers waste management hierarchy for developed and developing countries. It further presents an explicit view to aid decision makers in their understanding on the informed choice of sustainable options for the management of municipal waste. 
2 Literature review 
2.1 Municipal waste management in different countries 
The management of waste systems in Poland has been built on the basis of the Communal Cleanliness and Order Maintenance Act of 13 September 1996. According to the amendment act of 1 July 2011 the organisation of waste is the responsibility of the municipalities, which tackle all activities affecting local communities (Mesjasz-Lech, 
   
 
   
          
 
   
   4 B. Abila and J. Kantola    
 
      
   
          
 
   
        
2014). Similarly, in Kolkata, a metropolitan city and capital of the state of West Bengal in eastern India, the management of municipal solid waste is the responsibility of the Kolkata municipal corporation. Here, processes involved in the management of municipal solid waste include primary collection of waste from households and streets, dumping at collection points, transportation to disposal sites, and disposal (Hazra and Goel, 2009). In the UK, landfill is the most common technique of municipal waste management, accounting for 49% of municipal solid waste disposal in 2009 (Al-Salem et al., 2014). In Spain, the town of Castellon de la Plana bases household collection on the selective selection of glass, paper, cardboard and packaging at material banks and street-side collection of all other waste (Bovea et al., 2010). In Hanoi, the capital of Vietnam and its second largest city, municipal solid waste is collected without sorting and deposited directly in landfills (Thanh et al., 2015). In Limbe municipality in Cameroon, waste is moved from generation points and deposited into municipal waste bins, which are later collected, transported and finally disposed of in open dumps (Manga et al., 2008). The most common municipal solid waste disposal and management approaches in Nigeria are open dumping, landfill, open burning; incineration is seldom used (Abila and Kantola, 2017). Municipal solid waste in Guadalajara, Mexico, is separated and recycled by mostly unregulated groups known as scavengers, while collection and transportation is the sole responsibility of the municipality; waste disposal strategy is based upon the burying of 98% of municipal waste (Berneche, 2003). Waste separation and recycling is not efficiently conducted in China, and incineration is limited as compared to landfill, which is the predominant technique for the management of municipal solid waste (Zhang et al., 2010). 
“However, two major ministries are involved in municipal solid waste management, as stipulated in the law. The first is the Ministry of Construction (MOC), which supervises and administers the cleaning, collection, storage, transportation, and final disposal of municipal solid waste. The second is the Ministry of Environmental Protection (MOEP), which administers and monitors the collection, treatment, and final disposal of hazardous waste, waste trade, and secondary pollution generated by the construction and operation of municipal solid waste treatment and disposal facilities.” (Chen et al., 2010) 
In some developed countries such as Finland, the sorting, storage and deposition of municipal waste at central waste bins are the primary duties of consumers, while collection, transportation and treatment are the responsibility of municipal authorities (European Environment Agency, 2013). Currently, in integrated solid waste management, an effective and comprehensive programme is applied. Management of municipal solid waste in Greece is in contrast to the European Union’s policy on waste: in a case where a high number of open dump sites (reduced from over 5,500 in 1990 to 1,260 in 2004) constitute the most negative element and the percentage of useful material recovered is low (Erkut et al., 2008). In Phuket, an island province in the south of Thailand collected and transported municipal solid waste undergoes secondary segregation at treatment and disposal centres rather than undergoing primary segregation at source (Liamsanguan and Gheewala, 2008). Solid waste management in Singapore has conventionally been handled by the Ministry of Environment. Solid waste incineration has top priority over other waste disposal methods (Bai and Sutanto, 2002). Similarly, in France incineration still remains (and can be expected to remain) the main waste treatment option for municipal solid waste (Beylot and Villeneuve, 2013). In Botswana, 
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60% of the waste is disposed by indiscriminate dumping, 38% by landfill and 1% is by open burning and recycling (Mmereki, 2018). 
2.2 Waste management hierarchy 
2.2.1 Waste management hierarchy in developed countries 
“The waste hierarchy generally lays down a priority order of what constitutes the best overall environmental option in waste legislation and policy, while departing from such a hierarchy may be necessary for specific waste streams when justified for reasons of, inter alia, technical feasibility, economic viability and environmental protection” (Cucchiella et al., 2014). The waste management hierarchy depicts the prioritised strategies in the management of waste. Developed nations such as those in Europe and Japan tend to implement a hierarchical approach to solid waste management, including final waste disposal options (Dijkgraaf and Vollebergh, 2004). These differently prioritised strategies focus on environmental protection. Environmental concerns have been considered  ever-increasing significance in the municipal solid waste decision-making process (Batool and Chuadhry, 2009). In essence, the aim of waste policies is to promote the use of natural resources and ensure waste does not pose a health or environmental hazard (Ministry of Environment, 2013; Brunner and Rechberger, 2015). The application of the waste management hierarchy is voluntary for European member states, albeit with the expectation of adoption into national waste management laws (Williams, 2015). Each Member State has its own pre-determined goals for waste management. For instance, in the case of Swiss waste management policy, preferences include prevention of waste at source, reduction of pollutants both in production processes and finished goods, reduction of waste by improving recovery, and improvement of the environmental compatibility of remaining waste (Joos et al., 1999). 
Figure 1 European Union waste management hierarchy (see online version for colours) 
 
Source: European Commission (2015a) 
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European Union waste management hierarchy 
Aside waste prevention, reduction, re-use and recycling, other management of municipal solid waste still links to major environmental concerns (Moy et al., 2008). The EU waste hierarchy prioritises waste reduction and volume reduction both at primary and at secondary sources. 
• Prevention: waste prevention, also known as waste reduction, applies to both manufacturers and waste generators. At the manufacturers’ end, such a policy  can be termed ‘primary-source prevention’, and in relation to waste generators ‘secondary-source prevention’. The use of this strategy at the manufacturers’ end helps minimise the production of heavy packaging materials, while for waste generators it can promote the purchasing of reusable products (USEPA, 2015a). Prevention is the highest priority in waste policy in several regions (Gentil et al., 2011). 
• Re-use: this is defined as the further use of products, materials or substances for the end to which they were conceived (Nehrenheim, 2014). Re-use happens at the point of waste generation at the manufacturer’s end. Preventing waste through re-use is often related to ideas of stewardship, conservation and preservation. 
• Recycling: this is the process of sorting, collecting, preparing, reprocessing and remanufacturing used, re-used, or unused materials into new or original forms (Mohee et al., 2015). This ensures conservation of energy and materials, and mitigates pollution and emission of green-house gases. Recycling makes a considerable contribution to environmental benefit, proving that source separation will be more and more important in dealing with municipal solid waste in future (Song et al., 2013). 
• Recovery: this is the recovery of energy in the form of heat, electricity and fuel from non-recyclable materials through the application of various processes including combustion, pyrolisation, gasification and anaerobic digestion (USEPA, 2015b). Energy recovery from waste is one viable alternative source of energy. 
• Disposal: This involves the transfer of waste to landfill. This is the most common waste management strategy, though the least preferred and most unsustainable. According to the waste management hierarchy, landfill is the least preferable option and should be limited to the necessary minimum. Where waste needs to be landfilled, it must be sent to landfills which comply with the requirements of Directive 1999/31/EC on the landfill of waste (European Commission, 2015b). 
2.2.2 Waste management hierarchy in developing countries 
Waste management hierarchy is a widespread element of national and regional policy and is often considered the most fundamental premise of contemporary management practice for municipal solid waste (Jibril et al., 2012). 
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Figure 2 Graph of municipal waste treatment in Europe in 2013 (see online version for colours) 
 
Source: Confederation of European waste-to-energy plants (CEWEP, 2015) 
Figure 3 Waste management hierarchy in Botswana (see online version for colours) 
Most preferred
Least preferred  
Source: Mmereki (2018) 
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In developing countries there seems to be the absence of a consensual adopted or stipulated waste management hierarchy in regions. Thus waste management hierarchy is often country specific rather than regional with little or no disparity among countries and or between regions. Comparatively, developing countries waste management hierarchy works towards similar goals as the developed countries. In Mozambican documentation the definition of Waste hierarchy is not clear as per the priority order between prevention, reduction, reusing, recycling and other forms of recovery or disposal. Waste hierarchy does not seem to be relevant because the preferred option is considered to be the one that uses the best available technologies at sustainable cost (Ferrari et al., 2016). The core legal framework for waste management in Botswana is the Botswana waste management strategy which stated waste hierarchy as a solution towards sustainable waste management in the country with disposal being the least preferred disposal option, and re-use, recycling etc. being the highest priorities (Mmereki, 2018). Nevertheless, the waste management hierarchy operates inversely in practice; landfill is still the most used option (Mmereki, 2018). Invariably there seems to be gap in the actualisation of waste management hierarchy in theory to its application in practise. 
3 Emissions emanating from municipal solid waste disposal and management 
Climate change is rapidly and currently manifesting its effects of global warming and melting ice across the globe. The increasing production and quantity of waste contributing to anthropogenic sources of GHG emissions is one of the vital and huge drivers. In many nations, the main emissions of anthropogenic source of methane are from landfills (Couth et al., 2011), particularly from developing nations. Globally, about 50% of methane emissions from solid waste disposal options are emitted from ten countries (Barton et al., 2008), of which annually about 10–19% of global emissions are generating from landfills (Chen et al., 2008). Cherubini et al., 2008; analysed scenarios from urban waste management and they revealed that landfilling is the most polluting option at the global scale since it generates many different emissions such as methane, H2S hydrogen chloride, nitrogen, and phosphorus inorganic compounds; and it appears that pollution problems cannot be mitigated by any of investigated options ranging from landfills, anaerobic digestion and incineration. Dioxins have been emitted from incineration plants and conventionally been highlighted as one of the most significant sources of toxic emissions and heavy metals (Nzihou et al., 2012). Considering composting, emissions of ammonia alongside volatile sulphur compounds of hydrogen sulphide, methyl mercaptan, dimethyl sulphide, carbon disulphide, dimethyl disulphide, methane, nitrous oxide and volatile organic compounds (VOC) are components of this waste management option (Moreno et al., 2014; Maulini-Duran et al., 2014). 
4 Environmental effects associated with municipal solid waste management 
Environmental effects arising from the management approaches for municipal solid waste can either be positive or negative. These negative and positive environmental effects are outcomes or consequences from impacts or influence of either the presence or absence of 
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contaminants that unfold over a period of time. Negative effects result in declines both in human health and in the health of other living organisms. “The perils associated with inappropriate solid waste disposal, and associated environmental health impacts, should therefore be of utmost concern to waste management experts” (Ayomoh et al., 2008). 
Table 1 Environmental effects of municipal solid waste management 
Environmental effect Contaminant 
Municipal solid waste management technique 
Source 
Air pollution Gas emissions such as methane Landfill Aljaradin and Persson (2012), Vrijheid (2000), Dijkgraaf and Vollebergh (2004) 
Explosion hazards Gas emissions such as methane and hydrogen 
Landfill Aljaradin and Persson (2012) 
Water pollution Leachates with high content of carbon and ammonium 
Landfill Aljaradin and Persson (2012), Vrijheid (2000), Dijkgraaf and Vollebergh (2004) and Kirkeby et al. (2007). 
Nuisance odour Fungi and bacteria bioaerosols 
Landfill composting Ulfik and Nowak (2014). 
Soil pollution Heavy metals such as lead, cadmium, mercury, copper, iron and zinc 
Landfill Ulfik and Nowak (2014), Anikwe and Nwobodo (2002), Vrijheid (2000) and Dijkgraaf and Vollebergh (2004) 
Global warming Gas emissions such as methane, nitrous oxide, carbon dioxide, nitrogen oxides 
Backyard burning, landfill, incineration, anaerobic digestion 
USEPA (2015b), Kirkeby et al. (2007, 2006) and Banar et al. (2009) 
Ozone layer depletion Ethylene, nitrogen oxides Backyard burning, landfill USEPA(2015b) and Kirkeby et al. (2007). 
Air acidification Sulphur dioxide, nitrogen oxides, ammonia, nitrous oxide 
Backyard burning, landfill, incineration, composting 
USEPA (2015b), Kirkeby et al.(2007) and Banar et al. (2009) 
Eutrophication Nitrate, nitrogen, phosphorus Landfill and composting Kirkeby et al. (2007) and Banar et al. (2009) 
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Table 1 Environmental effects of municipal solid waste management (continued) 
Environmental effect Contaminant 
Municipal solid waste management technique 
Source 
Smog formation Nitrogen oxides Backyard burning USEPA (2015b) 
Conservation of natural resources, reduces pollution, reduces the toxicity of waste, reduces greenhouse gas emissions and helps sustain the environment for future generation. 
_ Reduction Jibril et al. (2012) and USEPA (2018) 
Reduces the quantity of waste directly disposed of to landfill, ensures the conservation of virgin materials and eliminates chances of emissions. 
_ Recycling Abila (2018), Cherubini et al. (2008) and Emery et al. (2007) 
Minimises the amount of waste that will need to be recycled or sent to landfills and incinerators, prevents pollution, reduces greenhouse gas emissions and helps sustain the environment for future generation. 
_ Reuse Cooper and Gutowski (2017) and USEPA (2018) 
Landfill, the most conventional means of waste treatment, is the least desirable option because of the many possible adverse impacts it can present. The most serious of these is the production and release into the air of methane, a powerful greenhouse gas 25 times more potent than carbon dioxide (European Commission, 2010). GHG from waste management contribute immensely to climate change, and these emissions have been recognised as an important environmental issue in the waste sector (Menikpura et al., 2013). Apart from its global warming potential, methane also contributes to depleting the ozone layer (Johari et al., 2012). Comparably, the climatic benefits of waste prevention and recycling far outweigh the benefits from any waste-treatment technology such as anaerobic digestion, waste to energy (WtE), pyrolysis, gasification, or even energy recovered during the process (Couth and Trois, 2012). One of the most important measures to inform decision-making on the most sustainable options for municipal waste management is the evaluation of environmental impacts (Al-Salem et al., 2014). Table 1 highlights adverse environmental effects associated with different municipal solid waste management techniques and contaminants. 
5 Conclusions 
Global sustainable management of waste is worth the effort it requires, considering its short- and long-term effects on the environment. Re-use and recycling strategies may be the best environmentally-friendly options for municipal waste management so as to ensure environmental sustainability. According to Cherubini et al. (2008) “recycling is a rewarding practice requiring least environmental support”. It limits the quantity of waste 
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diverted to landfill, reduces the depletion of natural resources, improves energy efficiency and eliminates chances of emissions. Environmental consequences are one of the most critical indexes for determining the best waste management options. Considering the consequences of inappropriate waste management, environmental evaluation is very important to inform decision-making. The outcome from the evaluation of environmental effects reveals that the management treatment options for energy recovery from municipal solid waste is accompanied with the release of certain gases contributing to climate change and acidic rain. The sustainable management of municipal waste translates into a sustainable environment which guarantees sustainable development for present and future generations. However, sustainability in terms of waste management and environment requires a global effort. Environmental concerns demand prompt solutions to ensure the stability of the natural world and human existence. This study is relevant to policy makers and waste management companies in guiding their choice(s) of management for municipal solid waste management. It is paramount for extended producers to develop green manufacturing production all through the production phase thereby utilising materials or substances that are composed mainly for recycling possibilities. The role and participation of stakeholders at each phase of waste management is a prelude to the attainment of a sustainable waste management. Increasing generation of waste can barely be reduced substantially as population growth and industrialisation are driving forces; it is imperative to consider, emphasise, and conform to increasing recycling as an outstanding management option for municipal solid waste besides environmental gains but for the boosting of a circular economy and green cities. 
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